Cytochromes P450 in cynomolgus monkeys mutagenically activate 2-amino-3-methylimidazo[4,5-f]quinoline (IQ) but not 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx).
The promutagenic and procarcinogenic heterocyclic amines (HAs) found in cooked meats are N-hydroxylated by microsomal cytochrome P450 enzymes as the first step in their metabolic activation. In cynomolgus monkeys, one of the HAs, 2-amino-3-methylimidazo[4,5-f]quinoline (IQ), has been shown to be a potent hepatocarcinogen. However, the structurally similar HA 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx) lacks this potency to induce hepatocellular carcinoma in monkeys. Liver microsomes from cynomolgus monkeys show a striking substrate specificity for the metabolic activation of IQ and MeIQx, the former being a far better substrate for N-hydroxylation. Western blot analysis showed that cynomolgus monkey hepatic microsomes constitutively express P450s immunologically related to the human CYP3A, CYP2C, and low levels of CYP1A1. For comparison, Western blot analysis of rat, human and patas monkey microsomes was also carried out. Treatment of cynomolgus monkeys with rifampicin induced hepatic cytochromes P450 related to human CYP3A4 and CYP2C9/10 without inducing CYP1A1 or CYP1A2. Immunoblot analysis also showed that chronic exposure of cynomolgus monkeys to IQ induced hepatic microsomal cytochrome CYP1A1 and CYP1A2, similarly but lesser in magnitude to that observed with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCCD) induction. Using the Ames Salmonella mutagenicity assay, we examined the effect of the inducers on the mutagenic activation (i.e. N-hydroxylation) of IQ and MeIQx by cynomolgus monkey hepatic microsomes. We also examined the mutagenic activation of these HAs by rat, human and patas monkey liver microsomes. Microsomes from cynomolgus monkeys treated with rifampicin showed a 3-fold increase in the mutagenic activation of IQ but showed no increase in the mutagenic activation of MeIQx. Since cytochromes P4503A and/or P4502C are constitutively expressed in cynomolgus monkey hepatic microsomes, and upon induction with rifampicin are associated with an increased metabolic activation of IQ but not MeIQx, it appears that CYP3A and/or CYP2C are the isoform(s) showing the selective substrate specificity in the metabolic activation of IQ over MeIQx. Treatment of monkeys with TCDD significantly increased the mutagenic activation of both IQ and MeIQx, concomitant with an induction of CYP1A isozymes. Thus, it appears that TCDD-inducible CYP1A enzymes N-hydroxylate both substrates without selectivity. Together, these findings suggest that CYP3A and CYP2C are the principal isoforms in the cynomolgus monkey, associated with the metabolic activation implicated in the induction of hepatocarcinogenicity by IQ. Furthermore, the poor metabolic activation of MeIQx by CYP3A and CYP2C, coupled with low constitutive levels of CYP1A isozymes, provide a metabolic explanation for the low hepatocarcinogenic potency of MeIQx in cynomolgus monkeys.